We have searched for possible high-energy neutrino signals which are expected from massive dark matter captured by the Earth and the Sun by making use of upward-going muon samples collected during 7 years of operation of the Kamiokande detector. No excess of events was found from the Earth or the Sun, thus giving an excluded range of parameters for the neutralino dark matter which is hypothesized to constitute the halo of the Galaxy. The upper bounds extend to a mass range of up to 1 TeV, which was never analyzed in previous indirect searches. 
I. INTRODUCTION
Various observational evidence suggests that most of the matter in the Universe is nonluminous.
Also, there are a variety of arguments that this matter (so-called dark matter) is nonbaryonic [1] .
Studies of the early Universe and modern particle theories working together have provided a list of candidates for dark matter. Most of them are hypothetical particles and other hypothetical entities: axions, monopoles and exist, cold dark matter '(CDM), since they are nonrelativistic at the time of decoupling.
The motivation for cold dark-matter candidates comes kom both astrophysical and cosmological arguments. The former involves a scenario for structure formation in the universe. There is an argument [3] that recent data concerning the cosmic microwave background radiation anisotropy by the Cosmic Background Explorer (COBE) satellite [2] [4] . However, because the expected signal is small and limited by background, it is not sufficiently sensitive to obtain meaningful results, except for the case of heavy Dirac neutrinos or cosmions [5] . Another method is to look for neutrinos, p rays, and antiprotons produced by the annihilation of dark matter within the Earth, the Sun, or the galactic halo [6, 7] . Since massive astrophysical bodies have been accumulating dark matter within their structures for a long time, comparable to the age of the universe, this approach is believed to be promising [8 -10] . Several reports [11 -15] [19] .
III. FLUX LIMIT
The expected flux of upward-going muons from atmospheric neutrinos has been calculated to be d4"(E&h, cos 0, ) dO g:Vp ) V~) V~)V~t h V where the last two factors are, respectively, the difFerential spectrum of the atmospheric neutrinos as a function of the neutrino energy and the zenith angle, and the probability for muon detection in the detector with a detection threshold energy of Eth when the primary neutrino energy is E" [20] .P 'is given by.
5507 where g(X, E",E") is the probability that a muon of initial energy E' has an energy of between E"and E~+dE"
after propagating a distance X in rock; N~is Avogadro's number and der&/dE" is the charged-current cross section of the muon production processes v"(P") + nucleonỹ , (p+) + X and v (P ) + nucleon -+~( w+) + X; (~+)~s (I+)+~~(~~)+~-(~=).
The function g(X, E~, E"') is evaluated as g(X, E", E"') = h (R"(E"') -X -B"(E")),
where R"(E) is the range of a muon in rock, We used the results of Lohman et aL [21] [23] .
We calculated [24] do'z/dE"using the quark distribution function given by Eichten et aL [25] , Owens [26] , and Botts et al. [27] , which includes the @CD evolution effect.
We show P. ' in Fig. 1 . Although muons from 7 neutrinos are negligible for atmospheric neutrinos, contribution &om tau neutrinos for neutrinos from the dark matter annihilation may be significant, since their flux may be comparable to that of muon neutrinos.
In Fig. 2 been obtained. [ We use an expected flux of 1.92 x 10 cm 2s isr i (based on Refs. [25] and [28] (b) The correlation of upward-going muon events with the direction of the Sun. Os"" is the cosine of the angle between the upward-going muon direction and a radius vector of the Sun. Events which occurred when the zenith angle of the Sun (8;"")was greater than 115
were taken into account. The histograms show the expected distributions from atmospheric neutrinos calculated assuming the atmospheric neutrino Hux given by Ref. [28] and the quark distribution by Ref. [25] . nearly horizontal direction. For a total exposure of 215 m yr, we observed 5 muons coming within 25 of the Sun while the expected number is 6.6; we thus obtain 90%%uII C.L. limit of 6.6 x 10 i4 cm 2 sec
We used a half angle of between 10 and 30 for the cone from the source (Earth and/or Sun) direction as the angular window for a dark-matter search, depending on the expected angular spread of the signal (discussed later) . Here e is the contribution of the one-loop radiative correction, which was recently recognized to be sizable in relations among the three Higgs particles [31] . [mz, may are the weak-boson masses, m~is the top quark mass (which we assume to be 150 GeV), m is the mass of the superpartner of the top quark, and oI~is the SU (2) [32] , a suppression factor due to the motion of the Earth and/or Sun [32] , a suppression factor due to the lack of coherence in the elastic interaction [32] , and a gravitational potential using the density profile given in Ref. [39] for the Earth and in Ref. [40] for the Sun [15] . Figure 5 shows this factor as capture rates of (imaginary) WIMPs with a constant elastic scattering cross section of 10 cm for several major elements in the Earth and/or Sun, as a function of the WIMP mass. The result for neutralinos is given in Fig. 6 (13) where Vo --2.0 x 10~( 6.5 x 10 s) cm for the Earth (Sun) and m~i s the neutralino mass. For a large t/7.~, I'~a pproaches C/2, and the neutrino signal is at "full" strength. Although this occurs in almost all cases for neutralinos trapped in the Sun as shown in Ref. [10] , those in the Earth rarely reach equilibrium. This is shown in Fig. 4 as contours of the "full signal" fraction for neutralinos trapped in the Earth.
IV. THE MODEL
In our calculation of the capture rate by the Earth and/or Sun we followed Gould [32] [32] ; pDM and vDM are assumed to be those of the halo of our galaxy (0.3 GeV/cm and 300 km/s). We adopted the elastic scattering cross section of neutralinos with nuclei from Kamionkowski [10] , where the European Muon Collaboration (EMC) effect was taken into account with some correction [35] , and with a more conservative estimate concerning the contribution of Higgs coupling to the sea of strange quarks present in the nucleon discussed in Ref. [36] (as was done in Ref. [37] ) [38] . The kinematical factor was calculated while including a reso- 10 ) , hydrogen, and helium. Here, since the elastic scattering cross section is assumed to be spin independent, the plots include the form-suppression factor. However, for hydrogen the plot is unchanged, even if it is spin dependent, since the form-suppression factor is small for light nuclei. [10, 41] .
The spectrum dN~~/dE" is a function of the energy of the neutrino as well as energy of the injected particles. A determination of the neutrino spectra is quite complicated, since it involves hadronization of the annihilation products, interaction of the particles in the resulting cascade with the medium in the Earth and/or Sun, and a subsequent interaction of high-energy neutrinos with the medium as they propagate from the core to the surface of the Earth and/or Sun.
We used the same strategy as that of Ritz and Seckel [33] and calculated the neutrino spectra using the Monte Carlo simulation program SETSET (version 7. 2) [42] . If the annihilation products are fermion-antifermion pairs, the resulting neutrino spectrum is almost independent of the injection energy, as is discussed in Refs. [33, 43] . For gauge bosons (W+, Z ), however, it is dependent on the injection energy, since they may decay nonrelativistically. We calculated neutrino-yield tables from gauge bosons based. on the 3ETSET Monte Carlo simulation of their decays [44] . In this case, the resulting spectra depend on the injection energy; we interpolate the value given in 5 GeV steps to obtain the spectrum of an arbitrary injection energy. Since a Higgs boson decays into fermions and their branching ratios can be calculated as in Ref. [8] , we can use the spectrum from fermions. The final form of the spectrum dip~/dE used in our calculation is given in Append. ix A for fermion-antifermion pairs. Figure 7 shows an example of the v"spectra from a pair of fragmenting particles.
For particles produced through dark-matter annihilation and injected in the core of the Sun, the energy loss of hadrons in the solar medium and muon-neutrino production from the decay of~leptons generated in collisions of v 's with the solar medium may be significant in the high-energy region, while they are negligible for the case of the Earth. We take these effects into account, following Refs. [33, 10] Examples of the neutrino spectra from a particleantiparticle pair injected at an energy of (E;";+ E;""). The.
abscissa is the scaled energy Z"= E"/E~";. So far, the mass density of neutralinos in our galaxy has been fixed at 0.3 GeV/cm, that of the halo of our galaxy. However, if the relic density of neutralinos after the big bang is too small, they could not be the major component of the halo. Several authors [7, 8, 37] 
The fitting coeKcients a+. are listed in Table II .
We give here the fitted form of the neutrino spectrum dN~~/dE based on . our Monte Carlo calculation (JETsET version 7.2). As long as the injection energy of a fermion (E;"i) is large compared with the fermion mass (m), dN~~/dE is only a function of the scaled energy Z"= E"/E;"&. If we define a scaled energy for the rest frame y = 2E/m, it can be written as
